Background: Multiple risk factors can contribute to the development of coronary heart disease (CHD) in an individual, yet any change in the modifiable CHD risk status of Black South African females in recent times is unknown.
Introduction
Multiple risk factors can contribute to the development of coronary heart disease (CHD) in an individual, causing morbidity and mortality, including sudden death (Vanuzzo, Lo, Pilotto, Palmieri, Donfrancesco, Dima, & De Curtis, 2010; Mamudu, Paul, Wang, Veeranki, Panchal, Alamian, & Budoff, 2017) . In 2012, non-communicable diseases (NCDs) or chronic diseases of lifestyle accounted for 38 million deaths globally, with 28.8% of deaths in South Africa (WHO, 2015a) . Cardiovascular diseases account for most non-communicable disease (NCD) deaths, or 17.5 million people annually, followed by cancers (8.2 million), respiratory diseases (4 million), and diabetes (1.5 million) (WHO, 2015a) . Coronary heart disease risk factors are notably prevalent in urban Black African populations and resemble those experienced in western societies, where all forms of cardiovascular disease (CVD), and most particularly CHD, have reached epidemic proportions (Tibazarwa, Ntyintyane, Sliwa, Gerntholtz, Carrington, Wilkinson, & Stewart, 2009; Monti, Ruggieri, Vincentelli, Capuano, & Francesco, 2015) . There is growing concern that the incidence of CHD appears to be increasing in Africa (Opie, 2006; Monti et al., 2015) , specifically amongst urban Black South Africans (Opie, 2006; Vorster, Kruger, & Venter, 2007; Tibazarwa et al., 2009) , and will continue to be a significant burden on the world's poor (Dalal, Beunza, Volmink, Adebamowo, Bajunirwe, Njelekela, & Holmes, 2011; Mensah & Mayosi, 2012) . However, few studies have monitored possible changes in CHDs or explored their causal factor among urban Black South African women to note trends as an indication that in order to protect and promote health, there is a need for much more emphasis on preventing disease through health promotion programs. This is important because these modifiable CHD risk factors can be controlled or treated, and with little research on these trends taking place in Africa, the appropriateness of current health promotion interventions that target these CHD risks could substantially influence the disease profile of urban Black women.
The main modifiable risk factors for CHD are physical inactivity, cigarette smoking, diabetes mellitus, hypertension, hypercholesterolemia and obesity (Pescatello, Arena, & Riebe, 2013) . A comparative risk-assessment study conducted in South Africa, in which deaths attributed to selected risk factors were ranked by Norman, Bradshaw, Schneider, Joubert, Groenewald, Lewin, & Nojilana (2007) , showed that unsafe sex/sexually transmitted infections was the main cause, high blood pressure second, tobacco smoking third, alcohol harm fourth, high body mass index (BMI) fifth, elevated cholesterol seventh and physical inactivity ninth. The risk factor profile also reflects distinct types of risk factors such as alcohol, smoking, high blood pressure, diabetes and hypercholesterolemia associated with a Western lifestyle. In South Africa, a study found that 75% of the urban Black African population had at least one major risk factor for heart disease, with more than 40% found to be obese, 33% hypertensive and more than one in 10 had an elevated serum cholesterol level (Sliwa, Wilkinson, Hansen, Ntyintyane, Tibazarwa, Becker, & Stewart, 2008) .
Urban Black South African females who enrolled in a fitness centre for the first time presented with CHD risk factors: hypertension (16.6%), obesity (42%), physical inactivity (72.6%), hypercholesterolemia (5.6%) and smoking (3.2%) (Coetsee, 2007) . In addition to this, 33.9% presented with one CHD risk factor and an alarming 59.7% with more than one such factor (Coetsee, 2007) . Since then, a few researchers have reported on the modifiable CHD risk factors among urban Black South African women with varying results, mainly due to different participant ages, category groupings and cut-off points, which make comparisons difficult (Vorster et al., 2007; Tibazarwa et al., 2009; Van Zyl, Van der Merwe, Walsh, Groenewald, & Van Rooyen, 2012) . In addition, the researchers did not differentiate between male and female CHD risk factors or urban or rural Black populations and most of these studies are fairly outdated as indicated earlier on. It is therefore important not only to establish the current individual CHD risk status of urban Black South African women, but also to report on their multiple CHD risk status and to monitor changing trends that could highlight the health impact of these modifiable CHD risk factors. This is key in pointing towards applicable health promotion interventions for averting premature mortality and morbidity. Unfortunately are the prevention and treatment of NCDs marginalized in South Africa because of the overwhelming prevalence of communicable diseases such as HIV/AIDS and tuberculosis (Mayosi, Flisher, Lalloo, Sitas, Tollman, & Bradshaw, 2009; Wandai, Aagaard-Hansen, Day, Sartorius, & Hofman, 2017) . Several models of community-based interventions for the control and management of NCDs exist in South Africa. They include the Community Health Intervention Programme (CHIPS), the Woolworths Health Promotion Programme, the Soul City Health Promotion Programme, the Promoting Healthy Lifestyles in Khayelitsha Project, and the Vuka South Africa: Move For Your Health Initiative of the National Department of Health. Puoane and colleagues (2008) have described these community-based health programs and their objectives in detail. Their effect on the course of NCDs, however, remains to be established.
Several non-governmental organizations (NGOs) are concerned with the prevention of NCDs, including the Cancer Association of South Africa, the National Council Against Tobacco, and the Heart and Stroke Foundation of South Africa. Links between governmental, non-governmental, and community-based agencies working in this area are weak and do not have a shared vision (Mayosi et al., 2009; Hofman, 2014) . Although the national Department of Health has developed policies for NCDs, the World Health Organisation (WHO) guides it and the programs are not population and community specific, and do not take urbanization and westernization among Black South Africans into consideration.
Urbanization and westernization among Black women in South Africa continue to play a significant role in changing the pattern of CHD risk factors (Vorster et al., 2007; Tibazarwa et al., 2009; Stewart, Libhaber, Carrington, Damasceno, Abbasi, Hansen, Wilkinson, & Sliwa 2011) . In developing countries, and South Africa in particular, where modifiable risk factors have previously been low, urbanization caused an increase in CHD risk factors (Ntuli, Maimela, Alberts, Choma, & Dikotope, 2015) . The World Health Organization reported that the overall burden of CVD in South Africa is responsible for 18% of healthy life years lost compared to 10% in 2006 10% in (WHO, 2015b . The results of the Interheart Africa study, conducted during 1999-2003, indicated that the CVD risk profile of Black Africans illustrates a population in the early stages of a CVD epidemic implying that in order to prevent a CVD epidemic, lifestyle modification, early diagnosis, and cost-effective treatment of CVD risk factors are of utmost importance (Steyn, Sliwa, Hawken, Commerford, Onen, Damasceno, & Yusuf, 2005; Stewart et al., 2011) . Despite reports on the trends in the manifestation of CVD risk factors and some research articles from South Africa (Coetsee, 2007; Sliwa et al., 2008; Stewart et al., 2011) , there is a paucity of research to indicate the stage of the CVD epidemic and the impact thereof in the country, particularly in the Black South African female population. It is within the broad context described above that the study reported here was designed to acknowledge any change in modifiable CHD risk factors in Black South Africa women over a 10-year period to monitor trends and adjust prevention and control programs to avert further mortality and morbidity. Overall, there is insufficient multi-sectorial coordination and drive towards a concerted program of action for NCDs in South Africa. Greater public awareness about the risks and symptoms of coronary heart diseases needs to be based on empirical data, to educate the many women who remain unaware or unconcerned about their CHD risks.
Methods

Study Population
Sixty-two urban Black females, living in northern KwaZulu-Natal Province, South Africa, who attended a fitness center in 2006 were paired for age with 67 of their counterparts in 2016 to describe trends regarding modifiable coronary heart disease risk factors. All participants were recruited when they voluntarily decided to join a fitness center for the first time. All women completed the physical activity readiness questionnaire (PAR-Q) (Pescatello et al., 2013) , provided their informed consent, and were free to withdraw from the test at any time. The testing center was fully air-conditioned, which ensured a stable environment with regard to temperature and humidity, and participants were dressed in comfortable exercise clothes during the tests.
Outcome Assessment
It compared the participants five modifiable CHD risk factors, the studies were conducted in the same fitness center using the same tests. The tester interviewed the participants and recorded information regarding date of birth, type of medication taken, exercise and smoking habits (smoking risk factor) and health status. To determine the participant's physical activity level as an indicator of their sedentary lifestyle risk factor, The Aerobic Centre Longitudinal Study Physical Activity short survey 3 month physical activity (PA) recall was used (Banda, Hutto, Feeney, Pfeiffer, McIver, La Monte, & Hooker, 2010) . The internal consistency coefficient of the questionnaire was 0.51 (Wenzel, Griffith, Shang, Thompson, Hedlin, Stewart, & Mock, 2013) . The questionnaire was thus a valid measure of PA and has been used in numerous comparable studies (Banda et al., 2010; Wenzel et al., 2013) . In addition to the participants' PA was their physical working capacity corresponding to a pulse of 170 bpm (PWC 170 ) determined. The participant cycled on a calibrated cycle ergometer according to a standardized protocol (Pescatello et al., 2013) . The exercise test began with a three-minute warm-up at 25 W, with the workload being increased by 25 W every three minutes. Heart rate (Polar heart rate monitor) and blood pressure were recorded at the end of each three-minute period. The test was terminated when the participant reached 70% of heart rate reserve, failed to conform to the exercise test protocol, experienced adverse signs and symptoms, requested to stop, or experienced an emergency. The PWC 170 value was calculated using the methods described by Åstrand and Rodahl (Pescatello et al., 2013) .
For the hypertension risk factor, an ALPK2 aneroid sphygmomanometer (Medical Centre Trading Corporation, Japan) and a Biocare professional stethoscope (Biocare Medical Systems, China) were used to measure blood pressure with the participants seated quietly for 5 minutes in a chair with back support, feet on the floor and their arms placed at the level of the heart. Two readings were taken 2 minutes apart (Pescatello et al., 2013) .
For the hypercholesterolemia risk factor, the total serum cholesterol was measured following a 9-hour fasting. Capillary blood was obtained via finger prick and measurements were performed using the Boehringer Accutrend GCT (Roche Diagnostics, Switzerland).
Weight was obtained on a calibrated Robusta Seca 813 scale (Teraoka, South Africa) according to a standardized protocol (Pescatello et al., 2013) . Height was measured in centimeters using a mobile stadiometer rod with a sliding ruler. For the obesity risk factor, height and weight were used to calculate BMI [as weight/height 2 (kg/m 2 )] according to the protocol of Pescatello et al. (2013) .
Definition of the High-Risk Status of CHD Risk Factors
Threshold levels for the five CHD risks, as defined by American College of Sports Medicine, that were used in both studies were: 1) cigarette smoking: current cigarette smoker, those who stopped smoking within the previous 6 months or were exposed to environmental tobacco smoking; 2) sedentary lifestyle: not participating in at least 30 minutes of moderate intensity PA on at least 3 days a week for at least 3 months; 3) obesity: body mass index ≥30 kg/m 2 ; 4) hypertension: systolic blood pressure (SBP) ≥140 mm Hg and/or diastolic blood pressure (DBP) ≥90 mm Hg; hypercholesterolemia: total serum cholesterol ≥5.18 mmol/L 1 (Pescatello et al., 2013) .
Statistical Analysis
All analyses were conducted using STATA 13.1 statistical software. All data were checked for normality prior to submission to parametric tests using the standard Kolmogorov Smirnoff test. Non-parametric tests were used where data did not conform to normality. For non-normal data, the Wilcoxon Signed Rank test was used. For continuous variables age, weight, and height, t-tests were used for comparison of the means. All categorical variables were examined using chi-squared tests and tests of proportions. All tests were conducted to show 95% confidence intervals and to recognize a 5% level of significance. All means were considered significantly different at p < 0.05.
Results
The sample size varied from 48 to 67 women, depending on the availability of assessments among the five CHD risk factors. The results are presented with respect to the five modifiable risk factors, with their characteristics being shown in Table 1 . 
Physical Activity Profile
The PA profile of the participants in this study is shown in Table 2 . The majority of the women were inactive and therefore at risk (72.6% vs. 75.8%, p = 0.68). Although not statistically significant, the PA profile of more than double (11.3%) the participants was classified as irregular in 2006 compared to 4.5% in 2016. In 2016, an increase of 22.4% (p = 0.59) was noted in the proportions of women classified as participating in regular physical exercise (Table 2) . Note. † Irregular physical exercise: participating in at least 30 minutes of moderate intensity PA on at least 1-2 days/week for at least 3 months.
Note. ‡ Regular physical exercise: participating in at least 30 minutes of moderate intensity PA on at least 3 days of the week for at least 3 months.
Physical condition can also be estimated from the physical working capacity corresponding to a pulse of 170 bpm (PWC 170 ) as this parameter depends on heart rate, which in turn is affected by the state of fitness of the participant. Thus, a higher PWC 170 value is a sure indication of a greater degree of fitness. The mean PWC 170 for the participants did not differ significantly between 2006 (107.8 ± 33.0 W) and 2016 (114.4 ± 34.4 W).
Smoking Habits
The differences in the smoking habits were non-significant: 3.2% of the participants smoked in 2006 compared to 3.0% in 2016.
Hypertension Risk Profile
The differences in SBP across all the risk categories were non-significant (Table 3) . DBP was significantly different, however, across the following DBP categories: normal DBP (29.2%, p = 0.0001), prehypertension DBP (17%, p = 0.002), and stage 1 DBP hypertension (11.8%, p = 0.009). 
Hypercholesterolemia Risk Profile
The 2016 group failed to reduce their hypercholesterolemia risk (Table 4 ). The differences in the desirable total cholesterol category were significant (-25.7%, p = 0.001) as well as in the borderline high-risk category (326.8%, p = 0.009). Table 4 shows that this significant change was due to the women migrating from the desirable category to the borderline high-risk category. Table 5 shows the BMI profiles of the participants, which are all non-significant. The majority of both groups (2006 vs. 2016) Table 6 summarizes the multiple coronary heart disease risk factors profiles of the participants. In 2016, a significantly lower proportion (27.3%, p = 0.04) presented with two CHD risk factors, a decline of 39.6%.
Obesity Risk Profile
Multiple Coronary Heart Disease Risk Factors Profile
Although not statistically significant, compared to 2006 a higher proportion (42.4%, p = 0.32) presented with one CHD risk factor, an increase of 25%, as well as with 3 CHD risk factors (15.2%, p = 0.71), an increase of 17.8% in 2016. Note. § p < 0.05; Ŧ p < 0.001.
Discussion
This research project is the first of its kind to report on the trends in modifiable CHDs in urban Black South African females indicating that their CHD risk status changed from high risk in 2006 to low and normal risk in 2016. In this regard, 42.4% (an increase of 25%) of the 2016 study population displayed one CHD risk factor and 27.3% (a reduction of 39.6%) in two CHD risk factors. The significant difference in the latter clearly indicates a migration of participants from high (two CHD risk factors) to low risk status (one CHD risk factor). This finding contradicts the postulates of other researchers that the CHD risk status of urban Black Africans will increase due to urbanization (Steyn, et al., 2005; Vorster et al., 2007; Tibazarwa et al., 2009) .
A sedentary lifestyle and consequential high BMI were the top-ranked risk factors for CHD facing the urban female study population with the pattern unchanged in 2016 (72.6% in 2006 vs. 75.8% in 2016) . The findings of the South African Democratic Health Survey (SADHS) in 2003 supported the low levels of PA in urban versus rural populations. Other researchers indicated that 66.5% of the urban Black sample was physically inactive compared to 27.3% of the rural population (SADHS, 2003a; Van Zyl et al., 2012) . In a cohort of peri-urban, mixed-race women their low physical activity levels were highlighted with nearly half not meeting the public health recommendation of 150 minutes or more of health-enhancing PA a week (Steyn, Levitt, Hoffman, Marais, Fourie, Lambert, & Lombard, 2004) . The relative physical inactivity could be attributed to the more sedentary lifestyle in urban communities due to the availability of public transport and less physically demanding occupations in towns and cities.
Obesity continued to be a risk factor among this population being studied with 38.8% classified as obese in 2016 gjhs.ccsenet.org
Global Journal of Health Science Vol. 10, No. 1; 2018 compared to 42% in 2006. The finding corroborated the findings from two urban Black female cohorts' study of which 41.1% and 55% were obese respectively (Tibazarwa et al., 2009; Van Zyl et al., 2012) . These results are indicative of an increasing tendency compared to 31.8% Black females, who were obese according to the SADHS in 2003 (SADHS, 2003a . As much as researchers may want to blame urbanization for the high prevalence of obesity, the data indicate that this condition prevails in both the rural and urban areas (Vorster et al., 2007; Tibazarwa et al., 2009; Van Zyl et al., 2012) . The epidemic of obesity is rather the end result of the food-marketing industry tending to promote less healthy foods (high in fat, sugar, and salt; low in potassium) in a widely accessible manner at low prices (Maseko, Majane, Milne, Norton, & Woodiwiss, 2006; Moodley, Christofides, Norris, & Achia, 2015) .
Previous studies carried out in South Africa have shown that high blood pressure contributes to a notable burden of CVD (SADHS, 2003b; Steyn et al., 2005; Norman et al., 2007) . This, together with the fact that high blood pressure was ranked second among mortality risk factors (Norman et al., 2007) , makes the significant improvement in hypertension in the current study noteworthy. The percentage of participants from the 2016 cohort diagnosed with hypertension (4.5%) was notably lower than the 16.6% (Coetsee, 2007) , 34% (Tibarazwa et al., 2009 ) and 37% (Stewart et al., 2011) . The average age of the cohort studied by Tibarazwa et al. (2009) and Stewart et al. (2011) may have contributed to the higher percentage reported. The results resemble those of other researchers, who found an improvement in blood pressure with urbanization, which contradicts speculations by others that moves to the towns by Black Africans predisposes them to the development of hypertension (Norman et al., 2007; Hendriks, Wit, & Roos, 2012) .
The Interheart Africa study indicated that myocardial infarction was associated with hypercholesterolemia (Steyn et al., 2005) . The increase in total serum cholesterol (from 5.6% to 23.9%) was significant and consistent with that derived from two similar studies undertaken in urban Black African females with, respectively, 15% and 20.1% of the study population presenting with hypercholesterolemia (Tibarazwa et al., 2009; Van Zyl et al., 2012) . According to the literature there are two possible reasons to explain the increase in total serum cholesterol levels: first, a higher intake of fatty foods due to urbanization (Vorster et al., 2007; Richter, Baumgartner, Wentzel-Viljoen, & Smuts, 2014) and second, obesity and physical inactivity that promote elevated serum cholesterol (Normal et al., 2007; Tibarazwa et al., 2009 ). As indicated above, a sedentary lifestyle and a high BMI were the top-ranked risk factors for CHD facing this urban female study population and it is the researcher's belief that these two factors contributed to the increase in serum cholesterol.
Conclusion
This research has added to the body of knowledge on CHD risk factors in urban Black African women, more specifically, the most important contribution is the difference in the corresponding status of the two cohorts that changed over a period of 10 years from high to low and normal risk. Consistent with similar studies the results support the prevalence of a sedentary lifestyle and obesity as the highest CHD risk factors affecting urban Black African females, illustrating the continued lack of appropriate health promotion programs to address these risk factors. In order for settings-based health promotion programs to be successful, they need to be based on the specific risk profiles of the population for whom they are designed. In this case it must not only be culturally appropriate, but the health promotion programs must be relevant and directed toward weight reduction and increasing of physical activity levels in this population. The data as well as the significant increase in total serum cholesterol and improvement in hypertension indicate that urbanization can be associated with an improvement in some CHD risk factors but deterioration in others. Moreover, our results indicate that the CHD risk status of urban Black African women is changing but this change should be understood in the context of lifetime exposure to unhealthy lifestyles before CVD risk factors have a sufficient impact. It underscores the importance of developing health promotion programs that are consistent with this transition in Black African women.
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